This work describes the use of polyethylene glycol as a pretreatment reagent to remove endogenous light scattering material from serum samples prior to automated immunonephelometric analysis on a centrifugal analyser. An assay system for retinol-binding protein is described, which allows rapid (10 minutes) quantitation of retinol-binding protein in serum samples with a detection limit of 5 mg/L and between-assay coefficients of variation ranging from 2·9% to 4·0%. The assay range is 5-80 mglL and accuracy comparisons with a Mancini single radial immunodiffusion method yield a regression line y=0' 89x+0'52 (r=0'98, n=22). The problem of analyte precipitation associated with use of pretreatment regimes is discussed.
Light scattering immunoassays have gradually replaced gel precipitation methods in recent years as the preferred method for quantitation of specific proteins in serum. Advances in instrumentation have enabled immunoturbidimetry and immunonephelometry to be performed rapidly and conveniently on fully automated systems. The principles involved and instrumentation available have recently been reviewed. I It is important to use high sample dilutions where nephelometric techniques are employed in order to minimise interference from endogenous light scattering material. Deverilf has suggested that the limit of sensitivity for a turbidimetric system depends on the photometer and related optics, whereas the limit of sensitivity for a nephelometric system is controlled by the light scattering from species present in samples and reagent. As the analyte concentration decreases, it becomes necessary to increase the sample volume to obtain satisfactory method performance. In our experience, if the sample volume exceeds approximately 2·5% of the total volume, endogenous light scattering species may cause a blank "Present address: Department of Biochemistry, Western Infirmary, Glasgow G 11 6NT. Correspondence: M J Hallworth.
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interaction between the sample and the diluent in kinetic assays. This interference can be reduced by removal of endogenous scattering material from the sample before analysis using polyethylene glycol," protamine sulphate," dextran sulphate and calcium chloride" or Arklone P." Polyethylene glycol (PEG) preoipitation is used in this work.
Retinol-binding protein (RBP) is an UIglobulin of molecular mass 21 000 daltons, and is responsible for transporting vitamin A (as retinol) from the liver to peripheral tissues." RBP interacts strongly with prealbumin, and normally circulates as a 1:1 RBP-prealbumin complex with prealbumin mobility on electrophoresis. Normal levels of RBP in plasma are approximately 40-50 mg/L.": K Serum RBP concentrations are a useful index of proteincalorie malnutrition," and low values have also been described in vitamin A deficiency," burn injury" and liver disease. Ill. II Levels are markedly elevated in chronic renal failure. II Plasma RBP may be measured by gel precipitation techniques 12. U or by radioimmunoassay. 14 These are slow techniques and do not lend themselves to automation. Bernard et al. have described a very sensitive latex immunoassay, capable of measuring RBP in plasma and urine. 15 However, this requires the preparation of latex-labelled antibody, and an optical cell counter is required to detect the final complex.
This work describes a simple, rapid kinetic immunonephelometric method for RBP in plasma, applicable to commercial nephelometers and centrifugal analysers with a nephelometric capability.
Materials and methods

REAGENTS
Barbitone buffer pH 8·8 was prepared by dissolving 9·5 g sodium barbitone, 3·0 g barbitone and 4·6 g Tris(hydroxymethyl)-methylamine in 1 L of water.
Phosphate-buffered saline pH 7·4 was prepared by dissolving 13·6 g potassium dihydrogen phosphate and 5·84 g sodium chloride in 9oo mL water, adjusting the pH to 7·40 with potassium hydroxide solution and making up to 1 L with water.
Polyethylene glycol (PEG) 6000 was obtained from BDH Chemicals Ltd, Poole, Dorset, UK. For sample pretreatment, a solution containing 160 giL PEG 6000 in phosphatebuffered saline was used. Solutions of 100, 120 and 140 giL PEG 6000 in phosphate-buffered saline were also prepared for use in preliminary experiments.
Antiserum to human RBP (rabbit; lot no. 019D) was obtained from Dako Immunoglobulins (Mercia-Brocades Ltd, Weybridge, Surrey UK). Working antiserum solution was prepared by diluting 200 ul, neat antiserum with 2·2 mL PEG 6000 solution (80 g/L in phosphatebuffered saline).
Standard human serum assayed for RBP was obtained from Nyegaard (UK) Ltd, Birmingham, UK. The stated RBP concentration of this material was 80·0 rng/L, determined by electroimmunoassay using purified human RBP as primary standard. Working standards were prepared by diluting this stock material in bovine serum albumin solution (50 giL in phosphate-buffered saline) to yield standards containing 80, 60, 40, 20, 10 and 5 rng/L RBP.
Agarose for electroimmunoassay experiments was obtained from Miles Laboratories Ltd, Stoke Poges, Bucks, UK. One gram of agarose was dissolved in 100 mL barbitone buffer pH 8·8 containing 30 giL PEG sooo and maintained at 60°C until used.
Electroimmunoassay plates were prepared by adding 150 ul, anti-RBP serum to 11 mL warm agarose solution and pouring on to a lflx 10 em glass plate.
Procedure
SAMPLE PREPARATION
Two hundred ul. serum was added to 200 ul, PEG 6000 solution in a small plastic Eppendorff tube and incubated for 15 minutes at room temperature. The tubes were centrifuged for 5 minutes in a Eppendorff microfuge and the supernatant fluid was used in the assay. ASSAY The assay was performed on a Multistat III FILS microcentrifugal analyser (Instrumentation Laboratory (UK) Ltd, Warrington, UK). Twenty microlitres of supernate and 20 ul, water were pipetted into the sample compartment of the disposable plastic rotor and 120 ul, working antiserum and 10 ul, water were added to the reagent compartment.
The rotor was then loaded into the analyser and warmed to 30°C. On attainment of temperature, mixing was instituted and a light-scatter reading was taken 3 seconds after mixing and again at 63 seconds after mixing. Light scatter was measured at 405 nm [excitation lamp set to 405 nm, emission filter 3 (405 nm)]. The increase in scattered light between 3 and 63 seconds was used as a measure of the amount of developing immunoprecipitate, and was plotted against RBP concentration to.yield a calibration curve and the concentration of unknowns.
Reference material for the light scatter measurement (placed in cuvette 1 of the rotor) was a solution of latex particles, diameter 0·175 urn, The concentration of latex particles was empirically adjusted to yield a solution with light scatter just greater than that achieved after reaction of the 80 mg/L RBP standard with antibody reagent.
COMPARISON METHODS
Mancini single radial immunodiffusion II was performed using LC-Partigen plates (Behring, Hoechst UK Ltd, Hounslow, Middlesex, UK). Twenty microlitres untreated serum/standard were applied to each well and the plates were incubated for 2 days at room temperature. The diameter (d) of the resulting precipitin ring was measured and d 2 was plotted against RBP concentration to give a calibration line and concentration of unknowns.
Laurell electroirnrnunoassay'f was performed on plates prepared as described earlier. A 2 ul, sample was added to each well and the plate was electrophoresed for 2 hours at 250 V, 40 rnA. After electrophoresis, the gel was pressed under filter paper then washed in saline for 3 hours before drying and staining with Coomassie Brilliant Blue R250 (Sigma Chemical Co., Poole, Dorset, UK).
Results
EFFECT OF PRETREATMENT WITH PEG 6000
Pretreatment of serum samples with PEG 6000 removes lipid and other endogenous light scattering materials from serum.:' but may also precipitate the protein being studied. Individual specific proteins are precipitated from plasma at different PEG concentrations.f and it is important that any assay system employing a PEG pretreatment step is checked to ensure that precipitation of the species to be measured does not occur.
Standard human serum (Nyegaard) and a grossly lipaemic patient sample were pretreated with phosphate buffer alone and with various concentrations of PEG.
PEG 6000 pretreatment solutions of 100, 120, 140 and 160 giL were used, to yield final concentrations in the pretreatment mixture of 50, 60, 70 and 80 gIL PEG.
The supernatants following pretreatment were assayed for RBP by Laurell electroimmunoassay and RBP concentrations in PEG pretreated samples were calculated as a percentage of the RBP concentration obtained using phosphate buffer pretreatment alone.
Results were as follows (final PEG concentration in brackets): standard serum RBP concentration-100% (50 giL), 102% (60 giL), 100% (70 giL), 106% (80 giL); lipaemic serum RBP concentration-97% (50 giL), 95% (60 giL), 88% (70 giL), 85% (80 giL).
ASSAY CHARACTERISTICS
A standard curve for the assay is shown in Figure 1 . Light scattering change is expressed as AI/I r , where AI. is the increase in light scattering between 3 and 63 seconds (arbitrary units) and I, is the light scattered by the reference cuvette and is adjusted by the instrument to read approximately 4000 arbitrary units. It will be seen that the assay range is approximately 5 to 80 mgIL, which is adequate for normal and pathological sera.
Detection limit
Detection limit may be defined as the RBP concentration corresponding to a light scatter equivalent to 3 standard deviations of the reagent blank variation above the zero standard. The mean value of AI./I r for repeated zero standards was -0'0008 and the standard deviation was 0·0006. Using the definition above and reading from Figure 1 , detection limit was determined to be 4 mglL. Subsequent experience with the assay has shown that the lower limit of detection may vary slightly between different batches of antiserum.
Precision
Between-run precision was assessed by including samples at four levels of RBP concentration in 13 batches performed over a 21-day period. Coefficients of variation were 4·0%, 4·0%, 2,9%, and 3·4% at RBP concentrations of 11·7, 28·2, 67·6 and 73·4 rng/L respectively.
Accuracy
Comparative accuracy was assessed by assaying 22 randomly selected patient samples for RBP by the method described and by Mancini single radial immunodiffusion. The same standard was used irr.each procedure. The results are shown in Figure 2 .
Discussion
The kinetic immunonephelometric procedure described is a rapid, simple and precise method for quantitation of RBP in serum. A full rotor (20 cuvettes) may be assayed in approximately 10 minutes of instrument time and the range and lower limit of detection of the assay are well suited to both normal and pathological sera. Occasional samples may need to be diluted to bring them below the 80 mg/L top standard.
The assay is much more rapid and precise than gel techniques or radioimmunoassay. It is considerably less sensitive than radioimmunoassay and the latex immunoassay of Bernard et al. 15 and hence cannot be applied to urine. However, it is well suited to quantitation of RBP in serum.
The pretreatment procedure employed has been shown not to remove significant amounts of RBP from standard serum, but some coprecipitation of RBP does occur with highly lipaemic sera. The gradient of the regression line in the comparison of the method described with Mancini single radial immunodiffusion (Fig. 2) is 0·89, which is also consistent with slight loss of RBP from the sera tested during the pretreatment step. However, it should be noted that the method described and the Mancini comparison method employ different antibodies, which may contribute to the difference in accuracy. The PEG concentration used in the pretreatment step is necessarily a balance between minimising the loss of RBP and precipitating sufficient non-specific scattering material to give an adequate detection limit to the system. Final PEG concentrations greater than 80 giL result in unacceptable loss of RBP during the pretreatment step. Final concentrations between 60 giL and 80 giL give adequate sensitivity with minimal loss of analyte in this system.
Polyethylene glycol pretreatment can considerably extend the range of solution immunoprecipitation techniques for the measurement of specific proteins, yielding greater sensitivity and precise, robust routine assays. Performance of these assays on a microcentrifugal analyser allows rapid kinetic assays to be developed, with low reagent consumption and minimal operator skill requirements.
